Bayesian tree to ultrametric form. We selected a smoothing parameter (log 10 λ = 2.2) using cross-validation and ran the penalized likelihood procedure, checking the stability of the solution using the 'checkgradient' command in r8s. All analyses of signal divergence and species diversification (below) were conducted on this ultrametric tree. When taxa were not included in an analysis, we simply pruned them from this ultrametric tree, which served as the single phylogenetic framework for subsequent tests of signal divergence and species diversification rates.
Brain Histology
We obtained fixed brains in one of three ways: (1) laboratory specimens -after anesthesia in 300 mg/l MS-222, each fish was perfused through the heart with Hickman's Ringer, followed by 4% paraformaldehyde in 0.1 M phosphate buffer (e.g. Brienomyrus brachyistius in Fig. 2A and Petrocephalus soudanensis in Fig. 2B ); (2) freshly caught field specimens -after anesthesia in 300 mg/l MS-222, the skull was opened, followed by immersion fixation in 4% paraformaldehyde in 0.1 M phosphate buffer (e.g. Petrocephalus microphthalmus in Fig. 2A ); (3) specimens donated by the Cornell University Museum of Vertebrates -brains were removed from curated specimens, which had been fixed in 10% phosphate-buffered formalin for approximately two weeks and subsequently stored in 70% ethanol (e.g. Myomyrus macrops in Fig. 2B ). In each case, we post-fixed brains in 4% paraformaldehyde in 0.1 M phosphate buffer for several days, then embedded them in gelatin and post-fixed them overnight before slicing. We obtained 50 μm horizontal sections with a vibrating microtome. Sections were mounted on chrom-alum subbed slides, stained with cresyl violet, dehydrated in a graded alcohol series, cleared with xylene, and then coverslipped (43) .
The exterolateral nucleus (EL) was clearly identified in each brain based on topology (10, 12, (44) (45) (46) (47) (48) (49) (50) , which is largely considered the single-most important criterion for establishing the homology of brain regions (51) (52) (53) . Previous anatomical studies of EL in three clade A species describe separate anterior and posterior subdivisions that are clearly divisible based on cytology; these are referred to as ELa and ELp, respectively (10, 12, (44) (45) (46) (47) (48) (49) (50) . As described in the main text, some of the species we studied fit this previous description, while other species have just a single, small EL lacking any subdivisions (Fig. 2) ; we refer to these two phenotypes as ELa/ELp and EL, respectively. Evoked potential recordings from the ELa/ELp of P. microphthalmus reveal 2-3 ms latency responses to electrosensory stimulation that are blocked at short delays following the electric discharge motor command, exactly as described for species in clade A (48, 50, (54) (55) (56) . This further satisfies the following additional criteria for establishing homology (51, 57) : physiological properties, connectivity (input from knollenorgans via the nucleus of the electrosensory lateral line lobe, or nELL; see fig. S1 ), and function (detection of electric signals generated by other fish). For each brain, we delineated the borders of EL or ELa/ELp in each section based on cytology (12, (44) (45) (46) (47) . We then determined the total volume of EL or ELa/ELp by summing cross-sectional areas, multiplying by section thickness, and taking the mean of the left and right sides (no lateral asymmetries were detected). We normalized this value by total brain mass, determined after post-fixing and before embedding. No apparent differences in the architecture or normalized volumes of these brain regions were observed between the brains of closely-related specimens obtained through different fixation methods. A full list of species for which we obtained EL anatomy data is provided in table S2.
Electroreceptor Histology
Curated specimens donated by the Cornell University Museum of Vertebrates had been fixed in 10% phosphate-buffered formalin for approximately two weeks before storage in 70% ethanol. Laboratory specimens were fixed in 70% ethanol. Mormyrids have three distinct types of electroreceptors: ampullary organs used for passive electrolocation, mormyromasts used for active electrolocation, and knollenorgans used for electric communication (18, 20) . There is a semi-transparent layer of skin that covers the body where these receptors are located. In fixed specimens, this skin layer turns white and is easily removed. We photographed specimens before removing this layer in pieces. We then placed each piece in a solution of 0.05% toluidine blue for 10 minutes, followed by three 5-minute washes in 70% ethanol. The three different types of electroreceptors could then be visually identified and distinguished under a microscope ( fig. S2A ). We mapped the location of knollenorgans in each piece of skin onto the original photograph, and then outlined the specimen ( Fig. 3; fig. S2B , C). A full list of species for which we obtained data on knollenorgan distributions is provided in table S2.
Behavioral Playback Experiments
Playback experiments were performed on fish caught in Gabon near Lebamba (2°12′0″ S, 11°30′0″ E) and Lambaréné (0°41′18″ S, 10°13′55″ E) during July-August 2009. Methods for collecting mormyrids and recording electric signals have been described in detail elsewhere (16, 34, 58, 59) . For studying clade A, we focused our efforts on Paramormyrops kingsleyae, a species that is widely distributed throughout Gabon; however, we also performed experiments on small numbers of additional clade A species (see Fig. 4A ). For studying outgroup species, we focused on the four petrocephaline species found in Gabon (21) . For obtaining playback signals, we recorded from individuals placed in water taken from the collection site (conductivity = 10-30 μS/cm; temperature = 22-26 °C). Using Ag/AgCl electrodes, electric signals were amplified using a bandwidth of 0.0001-50 kHz (CWE, Inc. BMA-200), analog-to-digital converted at 97.6 kHz (24-bit Sigma-Delta converter; Tucker-Davis Technologies RM1), and then saved to disk using custom software written in Matlab 2007a (The MathWorks, Inc.).
For playback experiments, each fish was placed in a rectangular PVC enclosure (3.5 x 3.5 x 20 cm) with Ag/AgCl stimulus electrodes spanning the length of both sides of the middle of the inside of the enclosure, and Ag/AgCl recording electrodes at each end ( fig.  S3A ). Stimuli were digital-to-analog converted at 48.8 kHz (Tucker-Davis Technologies RM1) and isolated from ground (A-M Systems, Inc. model 2200). The output of the fish was amplified (CWE, Inc. BMA-200) and digitized at 48.8 kHz (Tucker-Davis Technologies RM1). Custom software written in Matlab 2007a was used to deliver stimuli and time-stamp the fish's electric discharges.
For stimuli, we used electric signal waveforms recorded from conspecifics, as well as conspecific waveforms that were distorted by making a 90º phase-shift ( fig. S3B ). The latter involves advancing the phase angles of the power spectrum by 90º for all positive frequencies and retarding the phase angles by 90º for all negative frequencies, resulting in a temporally distorted signal waveform with a frequency spectrum and total energy equivalent to the original waveform (13, 60) . Stimulus trains consisted of 10 bursts of 10 pulses each, with an intra-burst interval of 30 ms, inter-burst interval of 10 s, and peak-topeak intensity of 145 mV/cm. For control stimulation, all 100 pulses were an identical conspecific waveform. Experimental stimuli were the same, except that all 10 pulses in the 9 th burst were a phase-shifted version of the same conspecific waveform ( fig. S3C ). Each playback used a stimulus waveform recorded from a different conspecific (61) .
In species that responded to stimulation with increases in discharge rate, we determined the maximum discharge rates in response to each of the 10 bursts after Gaussian smoothing ( fig. S4A ). In species that responded to stimulation by pausing, we determined the duration of pauses in response to each of the 10 bursts ( fig. S4B ). Discrimination was assessed as the change in maximum discharge rate or change in pause duration from the 8 th to 9 th bursts (Fig. 4A ).
Analysis of Signal Divergence Rates
To study broad patterns of signal evolution in the Mormyridae, we focused on the most intensively studied assemblages of clade A species and petrocephaline species: i.e., the mormyrid assemblage of the Ivindo River basin (3) and the petrocephaline assemblage of Odzala National Park (5, 6) . The Ivindo assemblage is dominated by numerous clade A species but also contains three petrocephaline species. In contrast, the Odzala assemblage contains a high diversity of both clade A and petrocephaline species, although the available molecular phylogenetic data for this assemblage only include the eleven petrocephaline species known from Odzala. These two communities represent the most diverse assemblages of clade A and Petrocephalinae, respectively, documented thus far from any region of Africa (3, 5, 6, 9, 62) . The numerous high quality electric signal recordings and fine-scale biogeographical data collected for these assemblages are unrivalled by any other mormyrid community that has been investigated previously. Our comparison of signal divergence rates used previously published signal waveforms recorded from these two assemblages (3, 5, 6) (fig. S5 ).
We performed cross-correlation between all 407 signal waveforms in the dataset (63) . We used the maximum of the absolute value of cross-correlation coefficients as a pair-wise measure of waveform similarity ( fig. S6 ). The absolute value was chosen since waveform polarity is a variable feature that depends on the relative orientations of sender and receiver (16, 64) . This resulted in a matrix of pair-wise similarities ranging from 0 (no similarity) to 1 (identical waveforms). A phenotypic space describing signal variation was then constructed by applying multidimensional scaling (MDS) to this similarity matrix using the function 'mdscale' with Kruskal's normalized stress1 criterion in Matlab 2007a (Fig. 4B) . MDS is an ordination technique that projects similarities or distances in some character or variable onto an N-dimensional coordinate space to maximally recreate all pair-wise distances (65) . The degree of correspondence between the pair-wise distances in the input matrix relative to the MDS map is represented by stress, which can range from 0 (perfect correspondence) to 1 (no correspondence). In our MDS analysis we set N = 2, which resulted in a stress of 0.0635. Based on coordinate data for the two resulting MDS axes, we computed the pair-wise Mahalanobis D 2 between the centroids of each species/morph distribution using the function 'mahalanobis' in the program R ver. 2.9.2 (66, 67) . Since sample sizes were low for some species, we calculated D 2 using a pooled within-species variance-covariance matrix (3). We then plotted D 2 against patristic distances taken from the ultrametric tree for all clade A pair-wise comparisons and all other pair-wise comparisons outside this clade. Patristic distances were scaled to a maximum of 1.0. This plot allowed us to visualize the pattern of accumulation of signal differences across distances in the phylogenetic tree without assuming any model of trait evolution a priori (3). For clarity, we refer to D 2 as 'signal waveform distance' and patristic distance as 'phylogenetic distance' in Fig. 4C . We also computed D 2 by calculating separate pooled variance-covariance matrices for all clade A species and all other species. This resulted in the same pattern of more rapid signal evolution in clade A (data not shown).
We used Brownie ver. 2.1.1 to statistically compare rates of accumulation of signal waveform disparity between clade A and all outgroup mormyrids in a Brownian motion framework by means of maximum likelihood (24) . The Brownian motion rate parameter (σ 2 ) describes the rate with which trait variance among species has increased over evolutionary time. Using a censored rate test, we compared a model that fit a single σ 2 across the entire ultrametric tree of mormyrid relationships to a two-rate model allowing clade A and all other mormyrids to differ in σ 2 . This comparison was made separately for each MDS-derived axis of signal variation. Given the moderate number of taxa under consideration, we made each comparison using the small-sample-size-corrected version of the Akaike Information Criterion (AICc) and a likelihood ratio test evaluated with a parametric bootstrapping procedure (5,000 pseudoreplicates). These model evaluation approaches avoid the inflated Type 1 errors that stem from using the χ 2 distribution with small sample sizes (24, 68) .
Analysis of Species Diversification Rates
We analyzed species diversification rates using the approach described by Rabosky et al. (25) (table S3 ). This method is appropriate when one has an incompletely sampled phylogenetic tree with branch lengths. We assigned missing species to lineages with representatives in the tree using a combination of phylogenetic and taxonomic data, so that we could account for the total diversity of each group. Net diversification rate (r) is defined in the standard way as r = λ -μ, where λ = rate of speciation and μ = rate of extinction. We then compared a model with constant r across the tree to one where the focal clade A was allowed to have a different net diversification rate (r A ) from the rest of the tree (r other ). We compared the fit of these two nested models using a likelihood-ratio test. Given our small dataset and the difficulty in estimating extinction rates from comparative data (69), we set the relative extinction fraction to ε = μ / λ rather than attempting to estimate it from the data (70). We repeated our analyses using a range of ε values (ε = 0, 0.5, 0.9, and 0.99) (25) . Across this range of assumed ε, we found statistical support for net diversification rates that are 3-5 times higher in clade A than in closelyrelated out-group lineages (table S3) . Patterns of species richness in sub-lineages contained within clade A suggest that this increase in diversification immediately followed the origin of clade A rather than arising more recently during its radiation. For instance, the first extant lineage to split from the rest of clade A (Mormyrops spp.) is a species-rich genus (21 extant species) with high signal waveform diversity (2, 4, 7, 58) . Each fish was placed in a rectangular PVC enclosure with stimulus electrodes spanning the length of both sides of the inside of the enclosure (red) and recording electrodes at each end (blue). Stimuli were generated on a laptop and delivered through the digital-to-analog converter (DAC) of a USB-connected portable processor. Stimuli were isolated from ground prior to delivery (SIU). The output of the fish was amplified (AMP), then digitized by the analog-to-digital converter (ADC) of the processor. (B) Examples of stimulus waveforms used in experiments for three species. Conspecific signals were recorded in the field. These waveforms were temporally distorted by phase-shifting them by 90º. (C) Two types of stimulus trains were used. Control stimulus trains consisted of 10 bursts of 10 pulses each; each pulse was an identical conspecific waveform. Experimental stimulus trains were the same except that the 9th burst of pulses consisted of phase-shifted versions of the same conspecific waveform. 2. 'EL' = relatively small exterolateral nucleus; 'ELa/ELp' = relatively large exterolateral nucleus divided into anterior and posterior subdivisions. 3. 'B' = broad distribution of knollenorgan receptors throughout the head and trunk; 'C' = distinct clusters of knollenorgan receptors on the head; 'C-B' = intermediate pattern with one cluster of knollenorgan receptors on the head as well as a broad distribution of knollenorgan receptors at relatively low density. 4. Knollenorgan distributions based on published studies (6, 20, 21) . These previous studies used visual examination of intact specimens rather than the staining method employed in the current study. 
